from the receptor upon binding of RanGTP. For export, the cargo and exportin bind cooperatively to RanGTP. After this ternary complex is translocated to the cyto- 
cuss coupling of mRNA export to other steps in the gene expression pathway.
Key Players

A Conserved mRNA Export Receptor?
The best candidate for an mRNA export receptor is the protein Mex67, whose conserved metazoan counterpart is known as Tap or NXF. Mex67 was first detected in yeast via a synthetic lethal screen with Nup85, a nucleoporin that functions in mRNA export (Segref et al., 1997) 
. Mutants of the Mex67 gene result in rapid accumulation of poly(A)
ϩ RNA in the nucleus, and the Mex67 protein interacts with both poly(A) ϩ RNA and nuclear pore complexes. Mex67 forms a heterodimer with a small protein designated Mtr2 (Kadowaki et al., 1994), and this Mex67-Mtr2 heterodimer is essential for mRNA export (Santos-Rosa et al., 1998). The metazoan ortholog of Mtr2 is known as p15 or NXT. For simplicity, we will refer to the metazoan heterodimer as Tap-p15.
Evidence that Tap is a key player in mRNA export in metazoans was first provided by studies of the constitutive transport element (CTE), an RNA element required for export of unspliced genomic retroviral RNA (Grü ter et al., 1998 and references therein). These studies revealed that Tap binds directly to the CTE and mediates its export (Grü ter et al., 1998). Moreover, excess CTE blocks mRNA export, presumably by titrating Tap. Subsequent work showed that the Tap-p15 heterodimer directly stimulates the export of cellular mRNAs, confirming its role in mRNA export (Katahira et al., 1999; Braun box RNA helicase that shuttles and is located on the cytoplasmic face of the pore has led to the proposal is a member of the DEAD box family of ATP-dependent helicases ( Figure 1C ). This protein was initially identified that this protein may function in remodeling the mRNP during or shortly after translocation through the nuclear in mammals as a nuclear helicase of unknown function called p47 or BAT1 (Peelman et al., 1995) In summary, the jury is still out regarding the role of 1999). Gle1 is thought to function at a terminal step of hnRNP proteins in mRNA export. The possibilities that mRNA export by interacting with a complex containing remain to be sorted out include whether hnRNP proteins Nup159 (Hurwitz et al., 1998; Strahm et al., 1999) . Gle1 play an active or passive role in mRNA export, are inalso interacts genetically with phospholipase C and two volved in export of only specific mRNAs, and/or whether inositol polyphosphate kinases that regulate nuclear they package excised introns and mutant pre-mRNAs mRNA export through production of inositol hexakisand retain them in the nucleus. These possibilities are phosphate (IP6) (York et al., 1999) . Recent work shows not mutually exclusive. that IP6 may also play a role in mRNA export in humans SR Proteins-Shuttling Splicing Factors Bound (Feng et al., 2001) .
to Exon Sequences The conserved mRNA export factor Gle2 was found SR proteins are a family of serine-arginine-rich splicing in the same synthetic lethal screen that identified Gle1 factors that are essential for spliceosome assembly in (Murphy et al., 1996). Gle2 was also detected in S.
metazoans ( Figure 3A) . These two factors, as well as several factors involved in NMD (e.g., Y14, RNPS1, hUpf3, and see below) interact with the spliced mRNA Coupling Splicing, Export, and NMD Throughout the pathway of gene expression, numerous ‫02ف‬ nucleotides upstream of the exon-exon junction to form a stable exon junction complex (EJC) ( Figure 3B) . mechanisms exist to insure the quality control of mRNA and hence the final protein product. Nonsense-mediIn a subsequent step, UAP56 may be released upon binding of the Tap-p15 heterodimer to Aly ( Figure 3B) . ated decay is a conserved mechanism used to detect and selectively degrade mRNAs that contain premature The spliced mRNP is then translocated through the nuclear pore to the cytoplasm. Prior to translation, the stop codons. In metazoans, it had been known for several years that the presence of a stop codon greater components of the EJC that function in NMD remain stably bound, whereas the mRNA export factors dissocithan 50 nucleotides upstream of an exon-exon junction triggers NMD in the cytoplasm and that this phenomeate ( Figure 3C ).
For export of mRNAs derived from naturally intronless non was in some way coupled to splicing in the nucleus (Lykke-Andersen et al., 2000 and references therein). pre-mRNAs, two scenarios can be envisioned. In the first, the early acting components of the export machinInsight into the mechanism for splicing-coupled NMD came from studies of hUpf3, the human ortholog of a ery (e.g., Yra1/Aly, Sub2/UAP56, and Npl3/SR proteins)
